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INTIWDlin lOfJ 


launch ^ ’tan/fc-ntaur 

soctioh of the flight must be controlled venting uurimj thi-. 

are not exposed to' excessive crush «n hurct' ’ ** compartment wulls 

that will meet tSis Requirement conj^ utilising a vent sysr.,. 

occurs at the vent outlet when the vented oac imn^ the phenomenoi. that 

the surface of the vehicle The int^raainro^ h^ inoving over 

flow results in a local external uressum h?nhl “ith the exterr.ai 

out the vent flow, ref. 1. The need t^ w.th- 

venting characteristics studv is ohwimic geometric environment in the 

pr«suro, ref. 2. ro?a«d 

has been done to investigate the effects of flow rates. Other work 

phenomenon, ref's. 3 through 9. ^ ^ exiting .let-freestream interaction 

is ventcu through ducts running forJaVIf jL S;"" bpattai This compartment 
figuration consists of hon^yeSmb ve^?s ify.l,! boattail. The vent con- 

.1ow„nrean, of a f,e,d :nrSpl?ro™?U\jJ- -> '-Cdtod 

(6-^)"oSo^cS“«a"rooJ?,J‘Ja1?ir^ 

A secondary objective was tae determination'of^a^^^a^'^^^ conditions, 

vicinity of the vent. determination of aerodynamic pressures in the 

funn^riv^ra^Ra^ngf Ma"clV\Ub:;: fr4m’S%Vro1%?- 

consisted of a full-scale sIniuSn orth. L •^^ configuration 

flat plate attached to the wind tunnerwaH ^ mounted on a 

section of shroud corrugations an^rtheR nlAf k a full-scale 

vicinity of the vent Air was di^rhlRnL^T?^ ^ located in rn? 

wind tunnel freestrean from 'the full sc^fe^lTn 

the backside of the Lnel Woill . simulated duct which was ..lourteC or. 



SYMBOLS 


•-n* pressure coefficient, (Pi“Po)/<lo 

K Vent discharge coefficient based on one- 

dimensional flow rate which assumes a static 
pressure obtained from an average pressure 
upstream (orifice 202) and downstream (orifice 
204) of the vent when there is no vent flow. 

Reference length, LREr=2.54cm(l .00 in.) 

‘*o» f^O free-streain Mach number 


M^, ML 


P 

0 


PE/Pf 


VL/VLMAX 

X/LREf 

Y 


local Mach number based on orifice 202 

Local static pressure 

free-stream static pressure 

Vent pressure ratio, ratio of an average 
pressure upstream (orifice .202) and downstream 
(orifice 204), no vent flow, to duct pressure 

free-stream dynamic pressure 

Boundary-layer velocity ratio (local velodtv 
to local maximum velocity) 

axial distance from tunnel station 650. 

(256.20 in. )-to-reference length wnotv r.”o?‘. r c,’ 
length. LREF-2.54cm (1.00 in.) 

normal distance from trough of corrugated 
surface 


boundary- layer thickness, height of me hojndar. 
layer whore local velocity becomes 99 percent 
of maximum local velocity 

displacement thickness, a measure of det ion.,. 
in mass flow through the boundary-layer as a 
result of the steam having been slowed by 
friction 

Shape factor - ratio of displacement thickness- 
to-momentum thickness. Where momentum thickness 
is the thickness of the frecstream flow necessary 
to make up the deficiency In momentum flux within 
the boundary layer 
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Al‘i-Ai;A|ir, 


'n""'" '■ ""• I"'''" “•■■ 

■- llw bouridnry- layer rakes is shown in f?qire U?)®* installation 

sklrlTuci'^s JuacheS !<<»• The Titer, fon.ara 

from the atmosphere. The flow rate was was obtained 

-o.j„iated by a butterfly «lue located ups?«lm o?'the'oHflc®‘‘’''‘"® 

iu'f !?af,lS!e1« M'?ennJt'er'?rn,i'’-'''rr ““ '■cunted 

iru- elate warc„«reAu!I ;™‘coiL;?ed’"JJ°^^ 

C;.u1 T capped lead'nc-edge fiqure '’frl corrugation 

^Tv a field joint -im, fLrp' - A rl sections were separated 

T xplosive separati ^str ? ?"s ioi; . corrugation the 

2(el A vi Jw ftf Ik. t * ' .super -2 i,. strip) was simulated-detailed in fiuure 

-le;. A view of the vent region is shown in fiaure '>(f\ tk. r Tiyuit 

or the vent-duct are shown In fiaur^*; ?(n\ a^a n 4. i i ueiaiis 

thickeners are shown in figure 3. ^ Details of the boundary- layer 


INSTRUMENTATION 


Static pressure instrumentation is shown in figure 4(a). The distance along 

the Dlate X/LREF is given in Table I* Where X is measured from tunnel station 
650 75 CT ( 256.20 in aSi lSEF - 2.54cin (1.00 la). The boundary-layer s«T*ey rakes 
are shown'L figure 4(b). The boundary-layer survey 

rakes The larger rake had 19 probes and was mounted under the corrugation crest. 
The lower five probes were concealed by the corrugation crest. The small 
haH 6 nrobes and was located in the corrguation trough. The two rakes surveyed 
a 33.02cm (13.00 in) boundary layer depth. Normal distance from the corrugation 
trough to each probe is given in the table of figure 4(b). 

The boundary layer rakes were used to survey the local flow field and 

the boundary layer height. Rakes were located at tunnel stations 626.11cm and 

and 628 65cm (246.50 in. and 247.50 in.) small and large rakes, respectively. 

The small rake wa; 32.89^^ (12.95 in.) above the plate centerline and the large 

rake was 21.21cm (8.35 in.). The field joint ring instrumentation is 

figure 4(c). The duct and flow system instrumentation is shown in figure 4(d). 


CONFIGURATIONS 


A configuration summary is given in Table II. Two configurations were tested 
with variation in the boundary layer thickeners. 
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Rt SUITS AND DISCUSSION 


At cath Mach number a zero flow readitui wa«i taken with both the butterfly 
gate values closed. The local static pressure to be used in the vent pre^^ure 
ratio was taken as the average of the pressure upstream (orifice 202 ) and down- 
stream (orifice 204) of the honeycomb vent. The vent pressure ratio, PE/Pl , 
is defined as the ratio of the average Uu.al static pressure (at no flow 
condition) to plenum pressure. 

The local Mach number, ft], measures at the honeycomb vent, for zero vent 
condition is shown in figure S. In general, the local Mach number showeo or.l ' 
small deviations from the free stream Mach numbe* . 

Tne boundary- layer velocity profiles ai’e shown in figure 6 over the Mach nun.ber 
range tested. A distortijn occurred in the profiles between the sixth ano 
seventh probes as a result of using the two rakes; a small rake (first six 
probes) in the corrugation trough and a larger rake proturding through tne 
corrugation crest (with the seventh probe near the crest surface). The 
velocity profile was used to obtain the boundary- layer perameters shown in 
figure 7. 

7wo boundary-1 ayer thickener configurations were tested tc produce a variencr 
in the boundary-layer characteristics. Configuration 1 thickeners consisted 
of 4 rows of 12.7 (o in) height rods (18 per row) and was used over a Macn 
number range from 1.10 to 1.80. With this configuration the boundary- layer 
parameters are generally higher than those for configuration 2, figure 2. 
Configuration 2 consisted of 1 row of 12.70cm (5 in) height rods-and 1 row 
of 7.t>2cm (3 in) rods with row containing 18 rods. Configuration 2 was testec 
from Mach 0.80 to 1.96. 

The effectiveness of the thickeners in thickening the boundary- layer is shown 
in figure 7(a). Conf iguration 1 had the thickest boundary-layer over the Mac.-i 
tiuisber range where both configurations were tested. Displacement thickness tor 
!he two conf igurat ions is shown in figure 7(b). Again, configuration 1 had tne 
largest displacement ttiickness. The boundary- layer shape factor is showr. ir. 
figure 7(c). Also shown in this figure is the turbulent boundary- layer snape 
*actoi taken from ref. 10. The deviation of the experimental data from that 
of re;. 10 reflects the effects of both the field joint ring and boundary- 
l.iyet l h ickf'iiers . 


vat Kit ion of the vent discharge coefficients with the vent pressure is 

m figure 8 for tlie free stream Mach n'lmbers investigatea. Also erc- 
seiKi’d for each configuration is the local Mach number for the zero vent 
flow condition. Where both sets of boundary layer thickener: were used, 
vi’tit uischarge coefficient was higher with conf igura tioi' 1 v.n-,,:'. • reduced : 
Miieier boundai'y layer. 


l’r(‘S''ure coefficient distributions tor 
fiv'nre g. The pressures downstream o* 


zero vet'it ^'low (■ ;d a'c snovn. 

the field 'Tint rirv; ucc i.; r.* 


the cM'losive separation strip, ("super-zip" strip) were cenerai . . l-'ss tsan 
'ii'estream static prc'ssure over the Mach number range tested. ..Tr tne thick. -r 
hound, *rv-layer, configuration 1, the pressure rise areari o’ fielvi joint 
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SUMMARY OF RESULTS 


invest igntion m-. coruJucted in the Lewis Research Center 
Supersonic Wind Tunnel to determine the discharge coefficients 
of he Titan forward skirt compartment vent. The test warLdSaed iuh 

of 0 80^ to rSfi II hardware over a freestream Mach number range 
Th^ with the vent and corrugations mounted to a flat plate. 

< flat plate was flush mounted to the tunnel sidewall such that the ranto- 

0.55.^ ^ fi^eestream. Vent pressure ratio was varied from about 1.00 to 


The following observations were made: 

discharge coefficient is affected by the boundary 

example, an increase in boundary layer neighr 
and/o» displacement thickness resulted in an increase in the vent ' 

change coefficient. Where both sets of boundl^ "eyer !huln“s ^er^ 

bouLl;^Cr‘'«nS?tlo%s?""''''^"‘ ““ 

Oncy;des"?he'ir“9iol;) «re'^ 

pressin e over the Mach number range tested. 

3. The effect of vent flow on the static pressure distribution was to 
downnrLil of’’[hri!ent"'’'‘''^‘’"’ decrease the pressure 
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TABLE I. » TEST STATIC PRESSURE ORIFICES LOCATION 


Region 


Upstream trough 


♦ 

Field joint ring 
Field joint ring 
Field joint ring 

Upstream trough 


Upstream crest 
Upstream crest 
Upstream crest 

Below vent 21.40 cm (8.41 in.) 
Below vent 7.11 cm (2.80 in.) 
Below vent 11.88 cm (4.67 in.) 

Downstream trough 
Downstream trough 
Downstream trough 


Static 
pressure 
rifice no. 

Axial distance ratio 
X/L|rqf 

100 

-74.13 

101 

-58.13 

102 

-62.13 

103 

-56.13 

104 

-50.13 

105 

-44.13 

106 

-40.13 

107 

-37.13 

108 

-35.13 

109 

-33.73 

300 

-33.36 

301 

-32.98 

302 

-32.78 

110 

-31.88 

111 

-31.48 

112 

-30.48 

113 

-28.48 

114 

-24.48 

115 

-20.48 

116 

-18.48 

117 

-17.48 

118 

-16.48 

200 

-17.48 

201 

-16.48 

202 

-15.58 

203 

-9.70 

208 

-9.70 

209 

-9.70 

119 

-8.08 

120 

-7.08 

121 

-5.58 i 


Downstream crest 204 -8.58 

I 205 -7.58 

206 -6.58 
# 207 -5.08 


Super- zip 
Super- zip 


303 

304 


-3.51 

-2.51 




TABU II. " CONFIGURATION SUMMARY 


Configuration 

Boundary - layor thickener 

Symbol 

Numbor 


0 

1 

4 ro«s 12.70 on (5 1n.) height rods (18 per row) 

0 

2 

“l row 12.70 cm (5 in.) height rods 
1 row 7.62 cm (3 in.) height rods (18 per row) 
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(a) Test instrumentation. 
Fiqure 4. ■ Instrumentation. 
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